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(57) Abstract 

Multilayer fluoropolymer films are formed from a layer of a fluoropolymer, a tie layer and a thermoplastic layer. The tie layer is a blend 
of an olefin-containing polymer, preferably at least one polyolefin having at least one functional moiety, such as an unsaturated carboxylic 
acid or anhydride thereof, and a styrene-containing polymer. Preferably, the fluoropolymer is a chlorotrifluoroethylene homopolymer or 
copolymer and the thermoplastic layer is a polyethylene. The preferred styrene-containing polymer is a styrene-ethylene-butylene-styrene 
block copolymer. These films exhibit increased adhesion between the layers as compared to a multilayer structure in which the tie layer 
is formed only from the olefin-containing polymer. The multilayer films are useful in packaging applications, including pharmaceutical 
packaging. 
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MULTILAYER FLUOROPOLYMER FILMS 
5 WITH IMPROVED ADHESION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. provisional patent application 
1 0 Serial Number 60/049,822, filed June 1 1 , 1 997. 

BACKGROUND OF THE INVENTION 

L Field of the Invention 

1 5 This invention relates to multilayer fluoropolymer films; and more 

particularly to films containing polychlorotrifluoroethylene (PCTFE) homopolymer or 
copolymer resin. 

2. Description of the Prior Art 

20 It is well known in the art to produce fluoropolymer films. These polymers 

are inert to most chemicals, resist high temperatures and have low coefficients of 
friction. Most fluoropolymers, especially PCTFE and ethylene- 
chlorotrifluoroethylene (ECTFE), exhibit excellent barrier properties, making them 
exceptionally good polymers as barrier packaging material. However, use of such 

25 fluoropolymers is restricted to specialty packaging applications due to their relatively 
high cost. 

A suitable means of reducing the cost of a packaging material fabricated from 
a costly polymer is to form multilayer structures in which the polymer film is 
laminated with other, less costly, polymer films. This approach is particularly 
30 desirable for fluoropolymer packaging applications since a thin layer of the 

fluoropolymer is often all that is needed to take advantage of the desirable properties 
of fluoropolymers while minimizing the cost. However, fluoropolymers do not 

« 
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adhere strongly to most other polymers; in fact, most fluoropolymers are known for 
their non-stick characteristics. 

Various attempts have been made to produce multilayer fluoropolymer films. 
For example, multilayer structures wherein at least one layer is a fluoropolymer and 
5 the other layer is a polyolefin or a thermoplastic homopolymer or copolymer, and 
particularly polyethylene terephthalate (PET), have been used for the production of 
highly oriented, dimensionally stable fluoropolymer films. In both structures, a tie 
layer or intermediate adhesive layer is utilized to provide good bonding between the 
film layers. Such multilayer structures are preferably coextruded and thereafter 

10 stretched in one or two directions. Multilayer films containing PCTFE and 

thermoplastic polymer layers have been proposed; see, for example, U.S. patent 
application Serial Number 08/690,712, filed July 31, 1996 and U.S. patent application 
Serial Number 08/763,138, filed December 10, 1996, the disclosure of which is 
expressly incorporated herein by reference. 

1 5 Although the multilayer structures described above have excellent properties, 

including mechanical strength, toughness and water vapor barrier capabilities, in some 
instances multilayer films having greater adhesion between the layers is required. It 
would therefore be desirable to provide a multilayer structure having improved 
adhesion between the PCTFE or other fluoropolymer layer and the thermoplastic 

20 layer. 

SUMMARY OF THE INVENTION 

In accordance with this invention, there is provided a multilayer film which 
comprises at least one fluoropolymer layer and at least one thermoplastic layer 

25 comprising a thermoplastic homopolymer or copolymer, attached to a surface of the 
fluoropolymer layer by an intermediate adhesive layer. The intermediate adhesive 
layer comprises a blend of (1) an olefin-containing polymer selected from the group 
consisting of at least one functionalized polyolefin; at least one copolymer of ethylene 
and at least one comonomer selected from the group consisting of acrylic acid, alkyl 

30 acrylic acid, acrylates and alkyl acrylates; and blends thereof and (2) a styrene- 

containing rubber. Preferably, the rubber is a hydrogenated styrene-butadiene-styrene 
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block copolymer, also referred to as a styrene-ethylene-butylene-styrene block 
copolymer. 

It has been unexpectedly found that the presence of a relatively small amount 
of the styrene-containing rubber in the intermediate adhesive layer greatly increases 
5 the adhesion of the fluoropolymer and thermoplastic layers over a similar structure in 
which only the functionalized polyolefin is used as the intermediate adhesive layer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

1 0 The multilayer film structure of the present invention comprises at least one 

fluoropolymer layer and at least one thermoplastic layer comprising at least one 
thermoplastic homopolymer or copolymer attached to the surface of the 
fluoropolymer layer by an intermediate adhesive layer. The multilayer film structure 
provides superior adhesive properties. 

15 Fluoropolymers suitable to form the fluoropolymer layer of the multilayer film 

of the present invention include, but are not limited to, ECTFE copolymer, ethylene- 
tetrafluoroethylene copolymer, fluorinated ethylene-propylene copolymer, 
perfluoroalkoxyethylene, PCTFE, polytetrafluoroethylene, polyvinylfluoride, 
polyvinylidene fluoride, and copolymers and blends thereof. Particularly preferred 

20 fluoropolymers include homopolymers and copolymers of chlorotrifluoroethylene and 
copolymers of ECTFE. Such copolymers may contain up to 10%, and preferably up 
to 8 % by weight of other comonomers, such as vinyl idene fluoride and 
tetrafluoroethylene. Most preferred fluoropolymers are chlorotrifluoroethylene 
homopolymers and copolymers of chlorotrifluoroethylene and vinylidene fluoride 

25 and/or tetrafluoroethylene, which are available from AlliedSignal Inc. as Aclon® 

fluoropolymer resins. Fluoropolymer film layers are described, for example, in U.S. 
patents 4,510,301; 4,544,721 and 5, 139,878. 

Also present in the multilayer structure is a layer of a thermoplastic 
homopolymer or copolymer. The thermoplastic layer non-exclusively includes a 

30 material selected from the group consisting of polyolefins, polyamides, polyesters, 
polystyrene, polycarbonates, vinyl polymers, and copolymers and blends thereof. 
Preferably, the thermoplastic layer is a polyolefin, preferably a poly(ot-olefin) or 
copolymers or blends thereof, wherein the a -olefin monomers have from about 2 to 
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about 10 and preferably from about 2 to about 6 carbon atoms. Non-limiting 
examples of polyolefins include polyethylenes, including ultralow, low, linear low, 
medium, high and ultrahigh density polyethylene; polypropylene; polybutylene; 
polybutene-1; polypentene- 1 ; poly-3-methylbutene-l; poly-4-methylpentene-l; 
5 polyhexene; copolymers of polyolefins; copolymers of olefins and other polymers 
such as polyvinyl chloride, polystyrene and polyurethane, etc., and mixtures of these. 

Between the fluoropolymer layer and the thermoplastic layer is an adhesive 
layer, also referred to in the art as a "tie" layer. In accordance with the present 
invention, the tie layer comprises a blend of polymeric materials, namely (1) an 

10 olefin-containing polymer selected from the group consisting of at least one 
functionalized polyolefin; at least one copolymer of ethylene and at least one 
comonomer selected from the group consisting of acrylic acid, alkyl acrylic acid, 
acrylates and alkyl acrylates; and blends thereof and (2) a styrene-containing rubber. 
One type of olefin-containing polymer is a functionalized olefin polymer which 

1 5 contains at least one functional moiety. Among the functional moieties that may be 
employed are unsaturated carboxyiic acids, unsaturated carboxylic acid anhydrides, 
amines and epoxies. Examples of olefins employable for the preparation of the 
modified polyolefins include homopolymers or copolymers of an a-olefin such as 
ethylene, propylene, butene-1, pentene-1, hexene-1, 4-methyl-pentene-l and octene-1. 

20 Unsaturated carboxylic acids and anhydrides useful to modify the polyolefins include 
maleic acid and anhydride, fumaric acid and anhydride, crotonic acid and anhydride, 
citraconic acid and anhydride, itaconic acid and anhydride and the like. Of these, the 
most preferred is maleic anhydride. Suitable amines include aliphatic or aromatic, 
primary, secondary and tertiary amines, such as 2,4,6-tribromoaniline, methylamine, 

25 ethylamine, propylamine, dimethylamine, N-methylaniline, ethylmethylamine, 2-(N- 
methylamine)heptane, sec-butyldimethylamine, N-ethyl-N-methylaniline, 
trimethylamine, N,N-dimethylanaline, and the like. Suitable epoxies include those 
having from about 2 to about 20 carbon atoms. The modified polyolefins suitable for 
use in this invention include compositions described in U.S. patents 3,481,910; 

30 3,480,580; 4,612,155 and 4,751,270 which are incorporated herein by reference. 

The preferred modified polyolefin composition comprises from about 0.001 
and about 10 weight percent of the functional moiety, based on the total weight of the 
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modified polyolefin. More preferably, the functional moiety comprises from about 
0.005 and about 5 weight percent and most preferably from about 0.01 and about 2 
weight percent. 

Another type of olefin-containing polymer useful herein is a copolymer of 
5 ethylene and acrylic acid, alkyl acrylic acid, acrylates and/or alkyl acrylates. The 
alkyl acrylic acids or alkyl acrylates contain alkyl groups preferably of from about 2 
to about 4 carbon atoms. Preferred among these types of polymer is an ethylene 
methyl acrylate copolymer. 

The tie layer also includes a styrene-containing rubber. These rubbers 
1 0 preferably are styrene block copolymers, such as hydrogenated styrene-butadiene- 
styrene block copolymers, also referred to as styrene-ethylene-butylene-styrene 
(SEBS) block copolymers. Other polymeric materials may be present in the tie layer, 
such as high melt viscosity polyolefins. 

It has been found that the presence of even a minor amount of the styrene- 
1 5 containing rubber greatly increases the adhesion between the fluoropolymer and 

thermoplastic layers. The styrene-containing rubber may comprise, for example, from 
about 1 to about 35%, and more preferably from about 5 to about 20%, by weight 
based on the total weight of the tie layer. 

The multilayer structures may be prepared in any conventional manner. 
20 Preferably, the layers are coextruded using cast or blown film techniques and 

conventional temperature and other conditions for the polymers of the multilayer film, 
such as from about 250 to about 400°C. Alternatively, the layers could be formed by 
laminating the layers together. 

The multilayer film may be oriented in a monoaxial or biaxial direction using 
25 methods known in the art. Also, the number of layers in the multilayer film can be 
adjusted to meet the requirements of a particular end use application so long as there 
is an adhesive layer between each polymer layer. For example, a five layer structure 
may be provided with the layers comprising polyethylene-tie-fluoropolymer (e.g., 
PCTFE)-tie-polyethylene. Additionally, the multilayer film of this invention may be 
30 of any conventional thickness, such as a total thickness of from about 0.1 to about 25 
mils. The thickness of each layer may vary, and may range, for example, from about 
0.05 to about 1 0 mils. These are only several of the many combinations of thickness 
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and order of layers of the fluoropolyrner and thermoplastic polymers that can be 
made. Of course, any variation of the order and thickness is contemplated. 

The invention is more easily understood by reference to specific embodiments 
which are representative examples according to the teachings of the present invention. 
5 It must be understood however, that the specific embodiments discussed herein are 
provided only for the purpose of illustration, and not by way of limitation, and it is 
further understood that the invention may be practiced otherwise than specifically 
described and yet be within the inventive scope. 

10 Example 1 

A three-layer multilayer film was coextruded from PCTFE homopolymer 
(Aclon HP 1 120 from AlliedSignal Inc.), linear low density polyethylene (Dowlex 
2045 A from Dow Chemical Company) and a tie layer which was a blend of (1) a 
fiinctionalized polyolefin (Admer SF700A from Mitsui Chemicals America, Inc., 

15 containing by weight 68% ethylene, 25% propylene, 7% vinyl acetate and less than 
1% maleic anhydride) and (2) a styrene-ethylene-butylene-styrene block copolymer 
(Kraton G1657 rubber from Shell Chemical Company). The rubber was present in an 
amount of 10% by weight of the total weight of the blend. The multilayer structure 
was coextruded and cast onto a casting roll whose temperature was maintained at 

20 62°F (17°C) with the polyethylene layer facing the casting roll. 

The bond strength of the multilayer film was determined by an adhesive tape 
peel test (ASTM F904) using Scotch 610 tape as backing, with a 12 inch (30.5 cm) 
per minute, 180 degree peel, with the PCTFE layer on top. The average bond strength 
was over 600 gm/in. (236 gm/cm) with tape on both sides, and 360 gm/in. (142 

25 gm/cm) with tape only on the PCTFE side. In comparison, a multilayer film produced 
under similar conditions but only employing the Admer SF700A material as the tie 
layer resulted in average bond strengths of 370 gm/in. (147 gm/cm) with tape on both 
sides and 220 gm/in. (87 gm/cm) with tape on the PCTFE side only. It can be seen 
that the presence of the styrene-containing rubber in the tie layer greatly improves the 

30 bond strength of the multilayer structure. 
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Example 2 

Example 1 was repeated utilizing several types of styrene rubber, with the 
casting roll temperature being 80°F (27°C). The data obtained are set forth below in 
Table 1 : 

Table 1 



Tie Resin Formulation 



Base Polymer Stvrene 

Rubber % 



mPE', 100% 
mPE\ 90% 
mPE 1 , 80% 
mPE\ 95% 



mPE', 90% 
mPE', 80% 
mPE', 90% 



Stvrene 
Rubber Type 



10% (SEBS), linear 

20% (SEBS), linear 

5% (SEBS), 
diblock 3 

10% . (SEBS), 
diblock 3 

20% (SEBS), 
diblock 3 
10% (SEBS), linear 

1% maleation 4 

1 = Admer SF700A modified polyethylene 

2 = Kraton G 1650 

3 = Kraton G1657 (35% diblock, 65% linear) 
10 4 = Kraton FG 192 IX 



Bond Strength gm/in 
(gm/cmj 
Tape On Tape on Both 



PCTFE Side 
Only 
198 (78) 
221 (87) 
292(115) 
260 (102) 

320 (126) 

315 (124) 

219(86) 



Sides 

303(119) 
340(134) 
584 (230) 
520 (205) 

603 (237) 

650 (256) 

359(141) 



As can be seen from Table 1 , diblock SEBS was most effective in enhancing 
adhesion. 
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Example 3 

Example 1 was repeated except that the base polymer in the tie layer resin was 
changed and the casting roll temperature was 80°F (27°C). The tie layer resin 
5 comprising 90% ethylene methacrylate copolymer (EMAC 2202 from Chevron 

Chemical Company), and 10% diblock SEBS rubber (Kraton G1657). This structure 
exhibited an average bond strength of 575 gm/in (226 gm/cm) with tape on both sides 
and 1 83 gm/in (72 gm/cm) with tape only on the PCTFE side. In comparison, a 
multilayer film using only the ethylene methacrylate copolymer as the tie layer had an 
10 average bond strength of 32 1 gm/in (126 gm/cm) both sides and 1 56 gm/in (61 
gm/cm) only on the PCTFE side. 

Example 4 

Example 1 was repeated except that a poly(ethylene chlorotrifluoroethylene) 
15 alternating block copolymer (Halar 500 from Ausimont USA, Inc.) fluoropolymer was 
utilized and the P(ECTFE) was in contact with the casting roll. Additionally, the tie 
layer resin comprised a blend of 75% Admer SF700A (with a melt flow rated per 
ASTM D1238 at 190°C of 1.0), 15 % Admer AT1276 (also from Mitsui Chemicals 
America, Inc., same composition as Admer SF700A, with a melt flow rate of 0.4-0.6), 
20 and 10% Kraton G1657 (diblock SEBS). 

The films exhibited 550 gm/in (217 gm/cm) bond strength with tape on both 
sides and 350 gm/in (138 gm/cm) with tape on one side. In contrast, the P(ECTFE) 
fluoropolymer films exhibited a bond strength of 455 gm/in (1 79 gm/cm) with tape on 
both sides and 250 gm/in (98 gm/cm) with tape on one side only. 

25 

It can be seen that the present invention provides a multilayer fluoropolymer 
structure which has improved adhesion between the fluoropolymer layer and a 
thermoplastic layer. Such structures also exhibit excellent mechanical strength, 
toughness and water vapor barrier properties, and preferably are also clear structures 
30 so that the contents of a package can be seen. 

These types of structures can be used in various applications, including 
packaging. One type of packaging particularly suitable for the multilayer 
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fluoropolymer structure of this invention is a pharmaceutical package for medication 
and the like. In this type of package, typically the fluoropolymer structure is 
laminated to a polyvinylchloride (PVC) layer using a suitable adhesive and optionally 
a layer of a polyolefin, with the thermoplastic layer (e.g., polyethylene) facing the 
5 PVC layer. This laminated structure is then thermoformed to a desired shape with the 
fluoropolymer (e.g., PCTFE) on the outside of the laminated structure, filled with 
medication (such as pills) and an aluminum foil is adhered to the PVC layer. 
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What is claimed is: 

1 . A multilayer film which comprises at least one fluoropolymer layer and at least 
one thermoplastic layer comprising at least one thermoplastic homopolymer or 
copolymer, attached to a surface of the fluoropolymer layer by an intermediate 
adhesive layer, said intermediate adhesive layer comprising a blend of (1) an olefin- 
containing polymer selected from the group consisting of at least one fiinctionalized 
polyolefin; at least one copolymer of ethylene and at least one comonomer selected 
from the group consisting of acrylic acid, alkyl acrylic acid, acrylates and alkyl 
acrylates; and blends thereof and (2) a styrene-containing rubber. 

2. The multilayer film of claim 1 wherein said styrene-containing rubber is present in 
an amount of about 1 to about 35 percent by weight based on the total weight of said 
adhesive layer. 

3. The multilayer film of claim 1 wherein said styrene-containing rubber is present in 
an amount of about 5 to about 20 percent by weight based on the total weight of said 
adhesive layer. 

4. The multilayer film of claim 1 wherein said styrene-containing rubber is a styrene- 
ethylene-butylene-styrene block copolymer. 

5. The multilayer film of claim 4 wherein said styrene-ethylene-butylene-styrene 
block copolymer is diblock styrene-ethylene-butylene-styrene copolymer. 

6. The multilayer film of claim 1 wherein said olefin-containing polymer is at least 
one fiinctionalized polyolefin. 

7. The multilayer film of claim 1 wherein said fiinctionalized polyolefin comprises a 
polyethylene. 

8. The multilayer film of claim 6 wherein said fiinctionalized polyolefin comprises a 
fiinctionalized olefin polymer which contains at least one functional moiety selected 
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from the group consisting of unsaturated carboxylic acids, unsaturated carboxylic acid 
anhydrides, amines and epoxies. 

9. The multilayer film of claim 8 wherein said functionalized polyolefm comprises a 
5 . polyolefin having at least one functional moiety of an unsaturated carboxylic acid or 

anhydride thereof. 

10. The multilayer film of claim 9 wherein said functional moiety is maleic 
anhydride. 

10 

1 1 . The multilayer film of claim 1 wherein said olefin-containing polymer comprises 
at least one copolymer of ethylene and at least one comonomer selected from the 
group consisting of acrylic acid, alkyl acrylic acid, acrylates and alkyl acrylates. 

15 12. The multilayer film of claim 1 1 wherein said olefin-containing polymer is 
ethylene methyl aery late copolymer. 

13. The multilayer film of claim 1 wherein the fluoropolymer is selected from the 
group consisting of chlorotrifluoroethylene homopolymers, chlorotrifluoroethylene 

20 containing copolymers and blends thereof. 

14. The multilayer film of claim 1 wherein said fluoropolymer is a chlorotrifluoro- 
ethylene homopolymer. 

25 15. The multilayer film of claim 1 wherein said thermoplastic layer comprises a 
material selected from the group consisting of polyolefins, polyamides, polyesters, 
polystyrene, polycarbonates, vinyl polymers, and copolymers and blends thereof. 

16. The multilayer film of claim 1 wherein said thermoplastic layer comprises a 
30 polyethylene. 
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17. A multilayer film which comprises at least one fluoropolymer layer selected from 
the group consisting of chlorotrifluoroethylene homopolymers, 
chlorotrifluoroethylene containing copolymers and blends thereof, and at least one 
polyethylene homopolymer or copolymer attached to a surface of the fluoropolymer 

5 layer by an intermediate adhesive layer, said intermediate adhesive layer comprising a 
blend of (1) at least one polyolefin having at least one functional moiety of an 
unsaturated carboxylic acid or anhydride thereof and (2) styrene-containing rubber. 

1 8. The multilayer film of claim 1 7 wherein said styrene-containing rubber is present 
10 in an amount of about 1 to about 35 percent by weight based on the total weight of 

said adhesive layer. 

19. A pharmaceutical packaging material which comprises a multilayer film which 
comprises at least one fluoropolymer layer and at least one thermoplastic layer 

1 5 comprising at least one thermoplastic homopolymer or copolymer, attached to a 
surface of the fluoropolymer layer by an intermediate adhesive layer, said 
intermediate adhesive layer comprising a blend of (1) an olefin-containing polymer 
selected from the group consisting of at least one functionalized polyolefin; at least 
one copolymer of ethylene and at least one comonomer selected from the group 

20 consisting of acrylic acid, alkyl acrylic acid, acrylates and alkyl acrylates; and blends 
thereof and (2) a styrene-containing rubber. 



20. The pharmaceutical packaging material of claim 19 which is laminated to a layer 
of polyvinylchloride. 

25 



12 



BNSDOCID: <WO 98S6572A2 I > 



CORRECTED 
VERSION* 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
B32B 



A2 



(11) International Publication Number: WO 98/56572 

(43) International Publication Date: 17 December 1998 (17.12.98) 



(21) International Application Number: PCT/US98/1 1823 

(22) International Filing Date: 5 June 1998 (05.06.98) 



(30) Priority Data: 

60/049,822 
09/089,510 



11 June 1997 (11.06.97) US 
3 June 1 998 (03 .06.98) US 



(71) Applicant: ALLIEDSIGNAL INC. [US/US]; 101 Columbia 
Road, Morristown, NJ 07962-2245 (US). 



(72) Inventor: TSAI, Mingliang, 
Holmdel, NJ 07733 (US). 



Lawrence; 7 Barbara Drive, 



(74) Agents: BUFF, Ernest, D.; Riker, Danzig, Scherer, Hyland 
& Perretti, Headquarters Plaza, One Speedwell Avenue, 
Morristown, NJ 07962-1981 (US) et al. 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU. CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, ICE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARBPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG. CI, 
CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report 



(54) Title: MULTILAYER FLUOROPOLYMER FILMS WITH IMPROVED ADHESION 
(57) Abstract 

Multilayer fluoropolymer films are formed from a layer of a fluoropolymer, a tie layer and a thermoplastic layer. The tie layer is a blend 
of an olefin-containing polymer, preferably at least one polyolefin having at least one functional moiety, such as an unsaturated carboxylic 
acid or anhydride thereof, and a styrene-containing polymer. Preferably, the fluoropolymer is a chlorotrifluoroethyJene homopolymer or 
copolymer and the thermoplastic layer is a polyethylene. The preferred styrene-containing polymer is a styrene-ethylene-butylene-styrene 
block copolymer. These films exhibit increased adhesion between the layers as compared to a multilayer structure in which the tie layer 
is formed only from the olefin-containing polymer. The multilayer films are useful in packaging applications, including pharmaceutical 
packaging. 



•(Referred to in PCT Gazette No. 17/1999, Section If) 

3NSDOCIO: <WO 9856572A2_IA> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania ES 

AM Armenia FI 

AT Austria FR 

AU Australia GA 

AZ Azerbaijan GB 

BA Bosnia and Herzegovina GE 

BB Barbados GH 

BE Belgium GN 

BF Burkina Faso GR 

BG Bulgaria HU 

BJ Benin IE 

BR Brazil IL 

BY Belarus IS 

CA Canada IT 

CF Central African Republic JP 

CG Congo KE 

CH Switzerland KG 

CI C6te d'lvoire KP 

CM Cameroon 

CN China KR 

CU Cuba KZ 

CZ Czech Republic LC 

DE Germany LI 

DK Denmark LK 

EE Estonia LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 



Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


uz 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


ZVV 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 







BNSDOCID: <WO_ 9856572A2 _IA> 



CORRECTED 
VERSION* 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

B32B 27/30, B29D 9/00, C08L 51/06, 
23/08, 25/10 



A3 



(11) International Publication Number: WO 98/56572 

(43) International Publication Date: 17 December 1998 (17.12.98) 



(21) International Application Number: PCT/US98/ 1 1 823 

(22) International Filing Date: 5 June 1998 (05.06.98) 



(30) Priority Data: 

60/049,822 
09/089,510 



11 June 1997 (11.06.97) US 
3 June 1998(03.06.98) US 



(71) Applicant: ALLIEDSIGNAL INC. [US/US]; 101 Columbia 

Road, Morristown, NJ 07962-2245 (US). 

(72) Inventor: TSAI, Mingliang, Lawrence; 7 Barbara Drive, 

Holmdel, NJ 07733 (US). 

(74) Agents: BUFF, Emest, D.; Riker, Danzig, Scherer, Hyland 
& Perretti, Headquarters Plaza, One Speedwell Avenue, 
Morristown, NJ 07962-1981 (US) et al. 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ. BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAP1 patent (BF, BJ, CF, CG, CI, 
CM, GA, GN, ML, MR, NE, SN, TD, TG). 

Published 

With international search report. 

(88) Date of publication of the international search report: 

2 March 2000 (02.03.00) 



(54) Title: MULTILAYER FLUOROPOLYMER FILMS WITH IMPROVED ADHESION 
(57) Abstract 

Multilayer fluoropolymer films are formed from a layer of a fiuoropolymer, a tie layer and a thermoplastic layer. The tie layer is a blend 
of an olefin-containing polymer, preferably at least one polyolefin having at least one functional moiety, such as an unsaturated carboxylic 
acid or anhydride thereof, and a styrene-containing polymer. Preferably, the fluoropolymer is a chlorotrifluoroethylene homopolymer or 
copolymer and the thermoplastic layer is a polyethylene. The preferred styrene-containing polymer is a styrene-ethylene-butylene-styrene 
block copolymer. These films exhibit increased adhesion between the layers as compared to a multilayer structure in which the tie layer 
is formed only from the olefin-containing polymer. The multilayer films are useful in packaging applications, including pharmaceutical 
packaging. 



♦(Referred to in PCT Gazette No. 17/1999, Section II) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


VG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







a 



3NSDOCID: cWO 9856572A3 I > 



INTERNATIONAL SEARCH REPORT 



Internationa plication No 

PCT/US 98/11823 



A. CLASSIFICATION OF SUBJECT MATTER „ _ no , oc 7l n 

IPC 6 B32B27/30 B29D9/00 C08L51/06 C08L23/08 C08L25/10 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 B32B B29D C08L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category J Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 139 878 A (KIM HEE-TECK ET AL) 
18 August 1992 

see column 1, line 34 - column 2, line 54; 
claims 1,2,7,11 

see column 3, line 23-28 - column 4, line 
16-21 

see column 5, line 53-58; examples 2,3 

WO 98 25762 A (ALLIED SIGNAL INC) 
18 June 1998 

see page 3, line 6-9 - page 6, line 9-27; 
claims 1,2,4-6 

WO 97 48553 A (ALLIED SIGNAL INC) 
24 December 1997 

see page 5, line 5-21 - page 10, line 7; 
claims 1,4,7,8 

-/— 



1-3,6-20 
4,5 



1-3,6-20 



1-3,6-20 



HI 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



" Special categories of cited documents : 

U A" document defining the general state of the art which is not 

considered to be of particular relevance 
"6" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

-X u document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



25 February 1999 



Date of mailing of the international search report 

23/03/1999 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswrjk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 34O-3016 



Authorized officer 



Derz, T 



Foim PCT/1SA/210 (second shea!) (Jufy 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



International i cation No 

PCT/US 98/11823 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category - Citation ol document, with indication. where appropriate, ot the relevant passages 



Relevant to claim No. 



EP 0 132 583 A (ALLIED CORP) 
13 February 1985 

see column 7, line 24-26; claims 1-4 

US 4 317 860 A (STRASSEL ALBERT) 
2 March 1982 

see column 4, line 11-16-20; claims 1,5-7; 
figure 2 

US 4 632 959 A (NAGANO RI ICHIRO) 
30 December 1986 

see column 11, line 11; claims 1,16; 
example 2 

US 5 082 742 A (PADWA ALLEN R) 

21 January 1992 

see the whole document 



1,6,8, 
11-16 



1,6,11, 
12,15 



1,6-12, 
15,16 



1,4,5 



Form PCT/ISA/210 (continuation ot second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 



International . ication No 

PCT/US 98/11823 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5139878 



WO 9825762 
WO 9748553 
EP 0132583 



A 
A 
A 



18-08-1992 



CA 
DE 
0E 
EP 
JP 
JP 
MX 
WO 



2115254 
69222650 
69222650 

0598822 



A 
D 
T 
A 



2744132 B 



6504742 
9204557 
9303922 



18-06-1998 
24-12-1997 
13-02-1985 



AU 
AU 



5368098 A 
3219697 A 



CA 
DE 
JP 
JP 
US 



1234957 A 
3474006 A 
1858574 C 
60054832 A 
4677017 A 



04- 03-1993 
13-11-1997 

05- 02-1998 

01- 06-1994 
28-04-1998 

02- 06-1994 
01-02-1993 
04-03-1993 



03-07-1998 
07-01-1998 



12-04-1988 
20-10-1988 
27-07-1994 

29- 03-1985 

30- 06-1987 



US 4317860 A 02-03-1982 



FR 


2436676 


A 


18-04-1980 


FR 


2457180 


A 


19-12-1980 


AR 


218396 


A 


30-05-1980 


AT 


379107 


B 


25-11-1985 


AT 


628479 


A 


15-04-1985 


AU 


527970 


B 


31-03-1983 


AU 


5116079 


A 


03-04-1980 


BE 


878845 


A 


18-03-1980 


BG 


49714 


A 


15-01-1992 


BR 


7906102 


A 


03-06-1980 


CA 


1130525 


A 


31-08-1982 


DO 


146023 


A 


21-01-1981 


DE 


2938462 


A 


27-03-1980 


DK 


116180 


A 


19-09-1981 


FI 


792968 


A,B, 


26-03-1980 


GB 


2031795 


A,B 


30-04-1980 


GR 


65674 


A 


16-10-1980 


IE 


48693 


B 


17-04-1985 


IN 


153223 


A 


16-06-1984 


JP 


1716530 


C 


14-12-1992 


JP 


3013059 


B 


21-02-1991 


JP 


55044898 


A 


29-03-1980 


LU 


81717 


A 


17-04-1981 


NL 


7907106 


A 


27-03-1980 


SE 


445193 


B 


09-06-1986 


SE 


7907864 


A 


26-03-1980 


SI 


7912323 


A 


31-08-1997 


SU 


1071216 


A 


30-01-1984 


US 


4415519 


A 


15-11-1983 


ZA 


7905036 


A 


24-09-1980 


CS 


219907 


B 


25-03-1983 



US 4632959 A 


30-12-1986 


JP 


1733839 


C 


17-02-1993 




JP 


4020939 


B 


07-04-1992 






JP 


60063243 


A 


11-04-1985 






DE 


3486302 


D 


19-05-1994 






DE 


3486302 


T 


01-09-1994 


« 




EP 


0140121 


A 


08-05-1985 



Form PCT/ISA/210 (patent family annex) (July 1992) 

page 1 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



International ication No 

PCT/US 98/11823 



Patent family 
member(s) 



Publication 
date 



US 5082742 



21-01-1992 



NONE 



Form PCT/1SA/210 (patent tamiiy annex) (Jtfy 1992) 



page 2 of 2 



